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there is considerable dispersion in w vs. q owing to inter- 
molecular coupling in the crystal lattice, infrared meas- 
urements on solids are not necessarily expected to agree 
closely with neutron results. 

IV. Conclusion 
The HzO librational and translational bands as- 

signed from the present neutron study on a series of 
transition metal hydrates are generally consistent with 
previous infrared and structural results. The average 
strength of binding of the water molecules (as indicated 
by the HzO bands) does not appear to change sig- 
nificantly in proceeding from the higher to the lower 

hydrates. A comparison between the librational bands 
in UOz(N03)2.6H~0 and the other higher hydrates indi- 
cates somewhat weaker binding for the HzO molecules 
in the uranyl salt. It is probable that neutron-scat- 
tering measurements with higher resolution would re- 
sult in better separation of the broad, overlapping 
peaks in the neutron spectra. 
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N,N-Bis(trifluoromethy1)hydroxylamine reacts with either CsF or K F  to form a solid adduct. 
COFZ to form [ (CF~)ZNO]ZCO and (CF3)2NOC(O)F and with COC12 to form (CF3)2NOC(O)Cl. 
( C F ~ ) Z N O C ( O ) C ~ F ~  are obtained with the perfluoroacyl chlorides, CF3C(0)Cl and C3F7C(0)Cl, respectively. 
pounds have been characterized and the N,N-bis(trifluoromethy1)hydroxylamine-metal halide adduct is discussed. 

This adduct reacts with 
(CF3)2NOC(0)CF3 and 

These ccm- 

Very few of the reactions of N,N-bis(trifluoromethy1)- 
hydroxylamine, (CF~)ZNOH, have been investigated. 
It reacts with a variety of substances to give the bis- 
(trifluoromethy1)nitroxide radicalzp4 and with PClj 
to give bis(trifluoromethy1)amine. 

Fluorinated amidoximes of the type RrC(NH2)= 
NOH react with fluorinated acid chlorides in ether solu- 
tion to give solid compounds of the general formula 
RfC(NHz)=NOC(0)Rf.6 Fawcett6 has reported that 
carbonyl fluoride reacts with bis(trifluoromethy1)- 
amine in the presence of CsF catalyst a t  300" and with 

'(CHl)sCNH to give (CF3)2NC(O)F and L(CHz)&!N- 
C(O)F, respectively. 

Our investigations have shown that N,N-bis(tri- 
fluoromethy1)hydroxylamine and either CsF or KF form 
an adduct which reacts with acid halides to give products 
of the general formula (CF3)zNOC(0)X. Compounds 
where X = F, C1, CF3, C3F7, and ON(CF3)z have been 
prepared and characterized. The nature of the (CF& 
NOH-metal fluoride adduct has been examined. 
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Experimental Section 
Reagents.-Cesium fluoride (99%), trifluoroacetyl chloride, 

and heptafluorobutyryl chloride were obtained from K & K 
Laboratories. Carbonyl fluoride was prepared by the room- 
temperature reaction of an equimolar mixture of carbon monoxide 
(Matheson Co.) and fluorine and was purified by fractional 
c~distillation.~ Carbonyl chloride was obtained from the Mathe- 
son Co. and anhydrous potassium fluoride (Allied Chemical) was 
used. N,N-Bis(trifluoromethy1)hydroxylamine was prepared 
by reaction of (CF3)2NON08 with aqueous HCll in the pres- 
ence of mercury and was purified by fractional codistillation. 

General Methods.-All reactions were carried out in 100-ml 
Pyrex bulbs connected to a stopcock through a 19/38 
Pyrex joint. Prior to reaction the finely divided metal 
fluoride was placed in the bulb and heated a t  200" for 10 min 
under dynamic vacuum t o  remove any water. The metal fluo- 
ride--N,N-bis(trifluoromethy1)hydroxylamine adduct was formed 
simply by condensing the hydroxylamine onto the fluoride a t  
- 183'. When the contents had warmed to room temperature, 
the acid chloride or the carbonyl compound was added using 
standard vacuum techniques. The reaction occurred smoothly 
and usually within 0.5 hr. Infrared spectra were obtained using 
a Beckman IR5A infrared spectrophotometer. All spectra were 
recorded in the gas phase with a Pyrex cell of 25-mm path length 
and sodium chloride windows. A Varian Model 4311B high- 
resolution nuclear magnetic resonance spectrometer was used 
to determine the nmr spectra a t  40 Mc. Trichlorofluoromethane 
was used as an internal standard. Mass spectra were recorded 
using a Consolidated Engineering Corp. Type 21-103 mass spec- 
trometer. Molecular weights were determined by Regnault's 
method. Vapor pressure data were obtained by holding the com- 

(7) G. H. Cady and 13. P. Siegwarth, Arral. Chem., 81, 618 (1959). 
(8) J. Jander and R. N. Haszeldine, J .  Chem. Soc., 696 (1954). 
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pound in a liquid state a t  various tcmperatures and reading thc 
pressure on a mercury manometer. Boiling points of compounds 
n ith a low vapor pressure a t  room temperature were determined 
by refluxing them under an atmosphere of nitrogen. Elemental 
analyses were performed by Scliwarzkopf Microanalytical Labo- 
ratory, Woodsidc, iY. Y .  The compounds reported ale nhitc 
solids arid clear, colorlcss liquids. Irifrarcd and mass 5pcctra 
data are given in Tables I and 11, respectively. 

T.4BLE 1 
IXFRARED SPECTRA AT 5000-625 C M - ~  

(CFrlz-  
r i O C ( 0 ) F  

1917 s 
1325 vs 
1273 vs 
1242 vs 
1220 vs 
1190 vs 
1073 s 
976 s 
960 m 
758 m 
715 m 
669 m 
645 w 

(CF3)z- ((CFI) 2- 

NOC(0)CI S0)zCO 

1855 s 1890 s 
1317 vs 1317 vs 
1269 vs 1269 vs 
1225 vs 1237 vs 
1035 vs 1218 vs 
975 s 1132 vs 
876 m 1096 m 
714 s 1038 s 
643 m 975 s 

777 w 
748 w 
713 s 
668 w 

(CFdzSOC 
(O)CF3 

1868 s 
1317 vs 
1268 vs 
1242 vs 
1188 vs 
1070 vs 
1033 w 
976 s 
878 m 
804 w 
757 m 
717 s 
G97 ni 
656 w 

(CFd2NOC- 
(O)C3F; 

1858 s 
1354 s 
1321 vs 
1268 vs 
1248 vs 
1230 vs 
1138 vs 
1083 s 
1058 s 
1033 s 
976 s 
957 s 
942 in 
923 s 
854 s 
794 w 
752 s 
738 111 
714 s 
698 s 
658 ni 

condensed onto an exccss of KF (CsF) ( ~ 1  g). After this mix- 
ture reached room temperature, 1.5 mmoles of COFr was con- 
densed onto the solid. The reaction was allomed to proceed for 
40 min, and fractional codistillation of the products gave 0.60 
mmole of (CF,)?NOC(O)F and 0.11 mmole of ((CF,),iu)?CO. The 
molecular weight by vapor density was 213 (calcd 215). A boiliug 
point of 15" was found by extrapolation of a plot of log P us. 
1 / T .  Thedataare  [ T ( ' C ) , P  (mm)]: -79,2; -52,31; -44, 
40.5; -19, 201; 0, 418; and 8, 575. The Flg nmr spcctrurn 
consists of a singlet a t  4 $68.8 assigned to the CF, fluorine and a 
singlet a t  4 +28.3 assigned to  the CF fluorine. Thc peak arcas 
were in the ratio of 6:1, respcctively. This compound reacts 
immediately with water vapor a t  room temperaturc to give 
(CFI)2NOH and C02 as the only volatile products. 

Anal. Calcd for (CFs)eNOC(O)F: C, 16.74; F, 61.86. 
Found: C, 16.6i; F, 61.48. 

Preparation of Bis(trifluoromethyljnitroxocarbony1 Chloride 
[ (CF,)eNOC(Q)C1] .-This compound niay bc prepared by two 
methods, the second of which is recommended. (a) -4 0.50- 
mmole sample of (CFa)?iYOH was added to a small amount of CsF 
(-4: 1) in an attempt to  preclude the presence of free CsF, and 
this mixture was allowed to remain a t  24' for several hours. 
A 1-mmole sample of COClz was then added to the reaction bulb 
and the reaction mas allowed to proceed a t  200' for 12 hr  since no 
reaction occurred a t  ambient temperature. Separation of the 
products gave 0.12 mmole of (CFa)zXOH, 0.025 nimole of (CFSjZ- 
NOCOC1, unreacted COC12, and small amounts of CICOF, CF3- 
XCO, and (CF3)aNOCOF. 

To a 100-ml reaction bulb containing an exccss of an- 
hydrous AlCls ("2 g) was added 0.64 mmole of (CF3)2NOCOF 
and 0.64 mmole of HCI. The reaction was allowed to proceed 
for 38 hr  at 200'. Separation of the products gave 0.10 inniolr of 
(CFa)?XOCOF, 0.44 mmole of (CF3)2SOCOCI, arid traces of 
COClz and (CF3)2NOH. With a 10% excess of HC1, the reaction 
time may be reduced to 14 hr and the yield is somewhat higher. 

(b)  

TABLE I1 
MASS SPECTRA 

Mass number,  species. and relative aburidaiicc 
,------(C~i3)zNOCOF"-----. ,----------(CI's)2SO~~Cl~--- --((CFa)iNO)zCOb-- ----((C~~~)ZNOC:OCI~~~-----, I -- ..-(C1~~3)2riOCOC!3111'- - 

215 (CFa)2NOCOli+ (X.8) 212 C2FsNOCOWI" (0.86)  260 CaI'&!OaNz+ (1.5) 246 CiF6NOCOCFz+ (4 .9)  2JI CaPrCOd"' (4 
196 C Z F ~ N O C O  + ( 5 )  196 CzPeNOCO' (22) 196 CiFsNOCOk (84.7) 196 CiF6NOCO' (22) 197 CaF;CO' (13)  

152 CtFsiXt (1 .3)  122 CZF6N' ( 2 . 2 )  152 C1F6N1 (10.5)  158 C2FaNOCO' ( 3 )  150 CaF6" ( 2 )  

130 CzFaNOf (16.4)  131 CyFp' (1) 
114 CeFaN+ (16) 114 CaFaN'. (54) 114 CiFaN+ (23.4) 118 C2F5+ (12.6) 

97 CFaCO+ (SI) 100 (12) 
99 CFaSO' (2.6) 79 C 0 ~ ~ 5 C l f  (4.5) 78 C F C O "  ( 5 . 2 )  81 &Fa+ ( 3 . 5 )  
69 CFaf (1000) 69 CF3+ (1000) 69 Cl's' (1000) 69 CFa" (1000) 6'2 CFi+ (1  000) 
63 FC02+ (3.4) 65 C03'Clf (45) 

168 CeFsNO+ ( 2 )  168 CzFsKO' (7) 169 CaF?+ (98) 

149 CiFaNO+ (5 .7)  149 CzFsNO" ( 1 3 . 4 )  
133 CzFiN+ ( 7 . 1 )  133 CzPaN.' (21)  133 CiFsN+ 

108 CFzSOCO+ (72) 108 CFiNOCO' (18) 108 C F i N O C O b  (25.3)  108 CFzNOCO' ( 3 . 6 )  

47 F C O +  (275) 63 c 0 3 5 ~ 1 . b  (186) 

Consolidated Btigiiieering Corp. Model 21.-103 mass spectronieter, ionization potential 71) v. 6 Consolidated Engineering Corp. 
Model 21-620 mass spectrometer, ionization potential 100 v. 

Preparation of Carbonyl Bis(trifluoromethy1)nitroxide [( (CF,)?- 
NO)&O] .-A 6.0-mmole sample of (CF3)zKOH vias condensed 
into an excess of CsF (1-2 6) .  After this mixture had warmed to 
room temperaturc, 1 mmolc of COFz was condensed onto the solid, 
and this was allowed to contact the solid for 15 min a t  room tem- 
perature. At the end of this t ime,  the volatilc products were 
removed. Six more 1-inmole fractions of COF:! Twre added in 
the same manner and fractional codistillation of the products gave 
2.5 mmoles of ( (CF~)~NO)ZCO.  The molecular weight by vapor 
density was 354 =I= 4 (calcd 364). The boiling point a t  695 mm 
was found to  be 70-71". The Flu nmr spectrum consists of a 
single peak at  4 68.8. This compound did not react with water 
in the vapor phase for 24 hr at room temperature. 

Anal. Calcd for ((C:F3)2K0)2CO: C, 10.48; F, 62.64. Found: 
C, 16.49; F, 61.92. 

Preparation of Bis(trifluoromethy1)nitroxocarbonyl Fluoride 
1 (CFa),NOC(O)F] .--A 1 .O-inmolc sample of (CFj)JOH was 

The niolecular weight by vapor density was 224 (calcd 231). Par- 
tial vapor pressure data are [ T ("C), P (mm)]: -46, 5; -28, 
24; -16, 53; 0, 129; 6, 174; and 13, 227.5. Reaction of this 
compound with water vapor a t  room temperature gives (CFI)L- 
NOH and CO? as volatile products. 

Anal.  Calcd for (CF,>)?R'OC(O)Cl: C, 15.55; F, 49.30; C1, 
15.36. Found: C,  15.85: F,48.93; C1, 15.03. 

Preparation of Trifluoromethylcarbonyl Bis(trifluoromethy1)- 
nitroxide [ (CF~)~NQC(O)CFS] .-A 0.75-mmole sample of (CF,),- 
NOH was condensed onto an excess of CsF. With this mixture 
a t  2 4 O ,  1.26 mmoles of CFaC(0)CI was added to  the solid and was 
allowed to  react for 1 hr. Fractional codistillation of the 
products gave 0.14 mmole of CFaC(0)F and 0.68 "ole of 
ICF,),XOC(O)CFD. The molecular weight by vapor density was 
268 (calcd 265). A boiling point of 30' was found by extrapola- 
tion of a plot of log P us. 1/T .  The data are [ T ("C), P (mm)] : 
-39, 21; -26, 50; -17, 85; -3, 174; 18, 469; and 23, 565. 
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The Fl9 nnir spectrum consists of two singlets, one a t  qi 68.6 
assigned to the (CFJ)ZN fluorines and one a t  qi 73.9 assigned 
to the CCFJ fluorines. The peak areas are in the ratio of 2: 1, 
respectively. Reaction of this compound with water vapor, after 
1 hr, gave (CF3)xNOH and CFaCOOH as the only volatile prod- 
ucts. 

Anal. Calcd for (CFa)zrU'OC(O)CFa: C, 18.11; F, 64.53. 
Found: C, 18.26; F, 64.28. 

Preparation of Heptafluoropropylcarbonyl Bis(trifluoromethy1)- 
nitroxide [ (CF~)ENOC(O)C~F,] .-A 1.2-mmole sample of C S F G  
(0)Cl  was added to the hydroxylamine-metal halide adduct, 
which had been prepared in a manner analogous to that in the 
previous reaction. After 3 hr a t  24', fractional codistillation 
gave 0.10 mmole of unreacted (CFa)&OH, 0.42 mmole of (CF3)p- 
NOC(0)C3F7, and other products. The molecular weight by 
vapor density was 359 (calcd 365). The boiling point a t  691 mm 
was found to be 65-67', The F18 nmr spectrum consists of a 
Finglet a t  qi +68.2 assigned to (CFI)LN, a triplet a t  qi $81.3 
assigned to CF1, a quartet a t  qi $118.3 assigned to C(O)CFi, 
and a singlet a t  qi +l27.0 assigned to the CF2 group. The 
coupling constant between the CF3 and the C(O)CF* is 8 cps. 
No hydrolysis occurs upon contact with water for several hours a t  
room temperature. 

Anal. Calcd for (CFa)zNOC(O)CsF,: C, 19.72; F, 67.67. 
Found: C, 19.12; F ,  67.12. 

Properties of the (CF&NOH-Metal Fluoride Solid.-This 
white solid is formed when (CF8)zNOH is allowed to contact 
either CsF or KF. At room temperature the CsF adduct has 
an equilibrium vapor pressure of 0.5-1 mm of (CF,)gNOH, 
while that of K F  exhibits a vapor pressure of 4 mm. The CsF 
adduct has a solubility in acetonitrile of approximately 0.4 g/ml 
and the solution can be conveniently removed from unreacted 
CsF which has a much lower solubility in this solvent. When the 
CsF is saturated with (CFa)zNOH, the latter is taken up until the 
solid which is formed consists of (CF3)zNOH and CsF in a molar 
ratio of 2.1: 1. The solid melts at -70" with slow evolution of 

The F18 nmr spectrum of the CsF adduct in acetonitrile shows a 
single band a t  qi 67.6, attributed to the CF3 fluorines, while the 
spectrum of (CF3)zNOH in CHsCN shows a single band a t  qi 69.0. 
The proton nmr spectrum of the CsF adduct shows a single band 
a t  -12.7 ppm relative to CHICN while (CF3)zNOH in CH3CN 
shows a band a t  - 5.48 ppm relative to CH3CN. 

The solid remaining after reaction has not been examined ex- 
tensively. We have found, however, that the remaining solid 
will not react further with (CF&NOH. 

(CFj)zNOH. 

Results and Discussion 
I n  Table I, the infrared spectra of the carbonyl com- 

pounds are given and several general assignments can 
be made. The bands in the region of 1855-1917 cm-l 
can be assigned to the carbonyl group, and the bands a t  
975-976 cm-l, characteristic of (CF3)2N compounds, 
are assigned to C-N stretch. Comparison with spectra 
of similar compounds, such as (CF&NOCF3 and (CF3)2- 
NCF3, where the former shows an absorption a t  1070 
cm-l while the latter has no bands in this region, indi- 
cates that the N-0 stretch in the compounds reported 
can be assigned to the strong band in the 1033-1075- 
cm-' region. Other  worker^^^^^^ have made similar 
assignments of the N-0 stretching modes. For the 
compound (CF3)2NOC(0)C3F7, three strong absorp- 
tions in this region preclude such a definite assignment. 
The bands at  713-717 cm-' are due to CF3 deformation, 
and while definite assignments in the C-F region cannot 
be made, it is clear that  three major absorptions a t  

(9) H. A. Dinwoodie and R. N. Haszeldine, J .  Chem. Soc., 1681 (1965). 

1317-1325, 1268-1273, and 1225-1248 cm-' are char- 
acteristic of each of the five compounds. 

The mass spectral cracking patterns show an interest- 
ing similarity. In  each case, except for (CF3)sNOC- 
(O)CaF7, the C(O)X+ group, from (CF3)2NOC(0)X, 
is second only to the very strong CF3+ in abundance. 
This indicates that  a primary process which takes place 
is (CF3)zNOC(O)X + e- + (CF&NO* + C(O)X+ + 
2e-, which infers that  the 0-C bond is comparatively 
easily ruptured. This is not unexpected since the bis- 
(trifluoromethy1)nitroxide radical is very stable. 

The F19 nmr spectrum of each of the compounds con- 
sists of a singlet a t  a rather nonvarying value of q5 68.2- 
69, owing to the (CF&N fluorines. Blackley2 has listed 
the shifts of the (CF&N fluorines in a number of other 
compounds and these all fall in the region of 4 66-74. 
The chemical shifts of the other types of fluorines are 
consistent with what is expected for such perfluoroalkyl 
groups. That essentially no coupling occurs between 
the 1,2 fluorine atoms of the C3F7 group in (CF3)zNOC- 
(O)C3F7 is not unusual. Others have also found this 
to be the case in compounds containing the C3F7 moiety, 
e.g., in C3F70F.1° This has been explained on the basis 
of through-space coupling between fluorine atoms in a 
free chain.11*12 

All of the compounds reported are stable in glass a t  
room temperature ; however, (CF&NOC (0) F, (CF3) 2- 

NOC(O)Cl, and (CF3)2NOC(O)CF3 are hydrolytically 
unstable. This coupled with the fact that ((CF3)2- 
NO),C(O) and (CF3)2NOC(O)CaF, are both stable to- 
ward water indicates that  steric hindrance is an im- 
portant factor in their relative reactivities. In  the 
series of compounds, RfC(NH2)=NOC(0)Rf,5 i t  was 
found that where R f  = C2F5, CaF7, and C7Flj the com- 
pounds were stable toward water, although where R f  = 
CFI the compound was extremely susceptible to hy- 
drolysis. This same trend is observed with perfluoro- 
ketones.13 

Formation of the (CF3)zNOH-metal fluoride adduct is 
essential to the reaction with the acid halides. We have 
found bis(trifluoromethy1) hydroxylamine to react either 
very slowly or not a t  all with the acid halides in the 
absence of CsF or KF. We have further noted that 
if the hydroxylamine is not consumed in adduct forma- 
tion because of a deficiency of metal fluoride, the ex- 
cess (CF&NOH does not react with the added per- 
fluoroacyl halide. 

In  both the proton and F19 nmr spectra of the adduct 
a downfield shift was found in comparison with the 
bands in free (CF&NOH. If the compound were 
ionic in nature, the F19 shift would be expected to be up- 
field compared to the shift in free (CF3)zNOH. While 
we have no direct evidence that the proton band found 
in the adduct was necessarily due to a proton still 
bound to the hydroxyl oxygen, i t  would be reasonable 

(10) J. H. Prager and P. G. Thompson, J .  Am. Chem. Soc., 87, 231 (1965). 
(11) L. Petrakis and C. H. Sederholm, J .  Chem. Phys. ,  36, 1243 (1961). 
(12) P. C. Myhre,  J. W. Edmonds, and J. D. Kruger, J. Am. Chem. Soc., 

(13) R. D. Smith, F. S. Fawcett, and D. D. Coffman, ibid., 84, 4285 
88, 2459 (1966). 

(1962). 
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to expect that it is in light of the Fly shift. Thus the 
compound is probably formed as the result of associa- 
tion of the protons with the fluoride of the CsF. 

The solid remaining after reaction of the adduct 
with an acyl fluoride has been found to be thermally 
stable. Severe etching took place when a sample of 
gas, formed by thermally decomposing this solid, was 
introduced into an infrared cell It-ith NaCl windows. 
I t  is likely that this solid could be CsF.2HFI4 but a 
mixture of other CsF-HF adducts cannot be excluded. 

However, on the basis of the observation that a 

(14) R. V. Winsor and G. H. Cady, J .  Am.  Chcnz. Soc., 70, I500 (IB48). 

iiiaxiiiiuiii of 2 11101es of (Cl+'d)2N OH cuiiibiiies witlz i 
mole of CsF, we are led to believe that the rcactioiis 
reported occur in two steps 

~ z ( C F ~ ) ~ S O H  $. CSF 17 ((CI'a)nNOH),b CsF ( ~ t  5 2 )  ( 1 )  

((CFZ)2SOH),.CsF + nRrC(0)X + 
n(CFa)*SOC(O)Rf f C517.nHX (2)  
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Photochemistry of Coordination Compounds. XVI. 
Hexabromopla tina te( IV) and Hexaiodopla tina te(1V) Ions' 

lieceiaed d z t g u s t  5 ,  1966' 

The photochemical behavior of PtRre2- was investigated with rddiatioii of 313, 366, 433, arid 630 in@, corresl~otitling to elcc- 
tron-transfer and d-d bands of the complex. Spectrophotometric and pH measurements were used to cstdbhh the iiaturc 
and the kinetics of the photoreaction. The results show that both d-d and electron-transfer excitations cause a photoaqua- 
tion reaction. The quantum yield was found to be about 0.4, independent of the wavelengths of irradiation. Thc mecha- 
nism of the photoreaction is discussed, and it is proposed that the primary photochemical act is the heterolytic fissioii of a 
Pt-Br bond. On the basis of the constant value of the quantum yield, it is also suggested that the photoreaction originates 
from the same chemically active electronic state, independent of the wavelength of irradiation. The photochemical bc- 
havior of PtIs2- was investigated by irradiating a t  254, 313, 365, and 530 mw, which correspond to electron-transfer batlds. 
The study was made difficult by the rapid thermal decomposition of the complex; however, i t  was proved that, also in this 
case, electron-transfer excitations w u s e  a photoaquation reaction, 

'The photosensitivity of aqueous solutions of the 
hexahalo complexes of Pt(1V) has long been known.*--" 
Recently, studies have been reported on the photo- 
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Experimental Section 
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